Methodology: In this paper, the proposed mathematical model is applied to solve two-sided mixed-model assembly line balancing problem with lower and upper bound. The proposed mathematical model is solved using a branch and bound algorithm on LINGO 17.0 solver.
Findings: Based on the computational result, line efficiency that is obtained by reducing single and mated stations of the assembly line is good as compare to the theoretical minimum number of stations and reduces computational time by applying boundary conditions.
Practical implications: Since the problem is well known as an NP-hard problem a benchmark study problem is solved, and the result of the study can be beneficial for assembly of the mixed model products in term of minimizing mated stations as well as computational time.
Originality: By literature review, this paper is first to address mixed-model two-sided assembly line balancing problem with bounds using the exact solution approach.
to workstations by considering some constraints to obtain an efficient assembly line to satisfy the customer demands on time.
Assembly lines can divide into two different groups based on product characteristics and some technical requirements: (i) one-sided assembly lines, and (ii) two-sided assembly lines. While only one restricted side (either left (L) or right (R) side) is used in one-sided assembly lines, both left and right sides are used in two-sided assembly lines. Two-sided assembly lines are usually constructed to produce large-sized high volume products such as buses, trucks, automobiles, and some domestic products.
Regarding the various numbers of product models assembled on the line, assembly lines can also be classified as single-model assembly lines and mixedmodel assembly lines. Assembly lines in which more than one product model is assembled on the same line without any setup requirement between models are called as a mixed model assembly line. Mixed-model assembly lines offer several advantages over singlemodel assembly lines, including avoidance of constructing several lines, satisfied different customer demands, and minimized workforce need. Mixed-model assembly lines provide more flexibility toresponding to consumer demands on time and to reach global markets in a highly competitive scenario. With the solution of assembling more than one model on each adjacent line of two-sided assembly lines, we can obtain a new line system called Mixed-model two-sided assembly lines. Literature Review (Simaria et al., 2009 ) presented mathematical programming model with ant colony optimization algorithm for solving two-sided mixed-model assembly line balancing problem with an objective of minimize the number of workstations of the line. (Ozcan et al., 2009) addressed TALBP with the objective of minimizes the number of mated-stations as the first objective and minimizes the number of stations as the second one for a given cycle time They presented a formal mathematical formulation for the problem and developed simulated annealing algorithm for maximizing the weighted line efficiency and minimizing the weighted smoothness index.
(Chutima et al., 2012) Presents a Particle Swarm Optimization with negative knowledge (PSONK) to solve multi-objective two-sided mixed-model assembly line balancing problem with the objective of minimizing the number of mated-stations for given cycle time. PSONK employs the knowledge of the relative positions of different particles in generating new solutions. (Aghajani et al., 2014) AddressedTALBP with the objective to minimize the cycle time for a given number of mated stations. They presented a mixedinteger programming model for robotic mixed-model two-sided assembly line balancing and developed simulated annealing (SA) algorithm as Meta heuristic method is proposed to solve the problem.
(Rabbani et al., 2014) In this paper author presents a novel multiple U-shaped layouts is proposed to deal with the mixed-model two-sided assembly line balancing (MTALB) problems with the the mathematical formulation of two conflicting objectives including minimizing the cycle time and minimizing the number of workstations are considered under precedence, zoning, capacity, side, and synchronism constraints and developed genetic algorithms to solve it optimally.
(Kucukkoc et al., 2014) Presented a new assembly line system configuration for companies that need intelligent solutions to satisfy customized demands on time with existing resources. An agent-based ant colony optimization algorithm is proposed to solve the problem. They presented a mathematical formulation for simultaneous balancing and sequencing and developed an agent-based ant colony optimization algorithm to solve it optimally. (Yuan et al.,2015) Addressed TALBP with the objective of minimizing the number of mated-stations and a total number of stations for given cycle time. A Honey bee mating optimization (HBMO) algorithm is proposed to solve this problem.
(Zhang et al., 2016) In this paper, author introduces mixed-model two-sided assembly line balancing Type-II problem benefiting from the real data gathered through an industrial case study. This paper also contributes to knowledge by incorporating incompatible task groups, different from negative zoning constraints. (Kucukkoc., 2016) Addressed mixed-model two-sided lines with the objective for minimizing the cycle time of the line as well as the number of workstations. A real-world problem is solved using the proposed approach, and the efficiency of the line is improved. They presented a real-world problem and developed ant colony optimization algorithm to solve it optimally.
(Deliceet al., 2017) presented a new modified particle swarm optimization algorithm with negative knowledge is proposed to solve the mixed-model twosided assembly line balancing problem with minimizing the number of mated stations as the first objective and minimizing the number of stations as the second one for given cycle time. (Liet al., 2018) Addressed TALBP with two objectives those are simultaneous to be optimized; one is to minimize the combination of the weighted line efficiency and the weighted smoothness index. A novel multi-objective hybrid imperialist competitive algorithm (MOHICA) is to solve this problem.
Although researchers have focused on Twosided ALB problems and, the literature review suggests that a very limited number of researchers focus on the mixed model two-sided assembly line balancing problem (MTALB). MTALB problems with the objective of minimizing mated stations along with lower and upper bound are very crucial objective in some industries. Hence, the main focus of this article is to reduce mated stations and computational time of an MTALB problem.
This article mainly presents the following contributions to the research field: 1) A Mathematical Model of mixed model two-sided assembly line balancing problem is proposed with Station oriented objective with lower and upper bound.
2) The proposed mathematical model is tested on a benchmark problem and is solved using Lingo -17 solvers to obtain the optimal solutions. 3) The results of station oriented objectives with lower and upper bound are compared with the results of the theoretical minimum number of workstations. From this study, it is observed that the proposed station oriented objective with bounds provides better solutions in term of reducing mated stations and computational time.
The rest of the paper is organized as follows: MTALBP definition is given in section 3 with objectives, assumptions, and constraints. Section 4 illustrates a mixed model two-sided assembly balancing problem example which is taken from the literature. Conclusions and future work are presented in section 5.
III.

Mathematical Formulation a) Overview
The main objective of the proposed model is to assign the set of tasks in mixed model two-sided assembly line balancing problem in such a systematic way so that mated station and single stations are reduced.
In this model reduces the computational time of the solver by adding boundary condition. Here the boundary conditions eliminate some variable which increases the computational time. Since assembly line balancing is an NP-Hard problem that's why increase a single variable or constraint puts a lot of increment in time. So the reduction of these variables reduces the time rapidly.
Here lower and upper bounds for the assignment of a task basically depends on precedence relationship, cycle time and processing time of tasks. Here lower and upper bound are calculated by the formula mentioned below:
Lower bound
If a task does not have any predecessor then = 1 = � sum of task time of all predecessor task of task i and task i � Here [ ] + represents the lowest integer greater than or equal to x. If for any task i > then increment all 1.
b) Assumptions
The MTALB problem in this study includes the following assumptions: [2] • Models with similar production characteristics are produced on the same two-sided assembly line.
• Workers perform tasks in parallel at both sides of the line.
• Some tasks may be required to be performed at oneside of the line, while others may be performed at either side of the line.
• The precedence diagrams of different models are known.
• Task times are deterministic and independent of the assigned station.
• Parallel tasks and parallel stations are not allowed.
• The travel times of operators are ignored.
• No work-in-process inventory is allowed. (1)
This non-linear objective function in equation (1) represents the sum of the square of each workstation's workload to maximize the workload on each workstation. ( − + 1) is higher for initial stations and lower for ending stations.
Constraints
Constraints (2) and (3) ensure that all the tasks are assigned to the workstation and each task is assigned only once. Constraint (4) and (5) ensures that the start time of every task is in the time range of the station on which it is assigned. Constraint (6) ensures that the starting time of any task is equal to or greater than the completion time of immediate predecessor of that task in the precedence diagram. Constraint (7) to (9) is specially designed for a TALBP. Constraint (7) will be active when task ℎis precedence of task and are assigned at the same mated station on opposite side otherwise the constraint will not be active. When this holds, the constraint is applied to st mi − st mh ≥ t mh which ensures that task ℎ is assigned before task . Constraints (8) and (9) become active when tasks ℎand do not have any precedence relationship and are assigned on the same station ( , ). If is assigned earlier than , then constraint (8) become st mh −st mi ≥ t mi ; if not, then constraint (9) becomes st mi − st mh ≥ t mh .Constraint (10) ensures the assignment of a task on same station for all the models. Constraints (11) to (14) are the binary constraints constraint (15) ensures that the starting time of any task is a positive integer.
IV.
Solution Approach and Results
a) Benchmark Problem
In this section benchmark problem data [2] is used to solve the mixed model two-sided assembly line balancing problem (MTALB) problem as depicted in the appendix. Table ( A,B,C) in appendix represents data of problem P(9), P(12), P(16) with their preferred side (Left, Right and Either). Further, it shows task processing time for both the models A and B and immediate predecessors of a task.
b) Computational Results
In this paper, MTALBP is solved by LINGO 17 solver. Calculate theoretical minimum number of stations by the formula mentioned below:
where [X] + denotes the smallest integer greater than or equals to X.
Here we are taking the maximum value of task for model A and model B in the calculation of total task time and cycle time is 3 for problem P(9) and P(12) and cycle time is 10 for problem P(16). In figure 2 , there are four mated stations in the optimal solution. In P(9) problem tasks, 1 are assigned to left side mated-station for model 1 and model 2 on the other hand task 2,3 are assigned to the right side of mated-station for model 1 and model 2. Table 1 is the summary result for benchmark problem that indicates task assignment in Problem P(9), P(12), P(16) for mated stations and single stations and indicate computational time are less with boundary conditions. Theoretical minimum number of stations is higher as compared to the total number of a single station for MTALB benchmark problem. 
G
An illustrative benchmark problem P(9), P(12), P(16) is solved using the proposed approach, and a numerical experiment is conducted to demonstrate the efficiency of the proposed approach. Solutions obtained by LINGO-17 solver for station oriented objective with bounds and theoretical minimum number of stations are evaluated. The experimental results show that the proposed approach obtains good solutions within a short computational time for every test problem.
In future mixed model, two-sided assembly line balancing can be developed for stochastic approach and meta-heuristic, such as tabu search algorithm and simulated annealing algorithm, ant colony optimization algorithm can be applied to solve mixed model two-sided assembly line balancing problem based on station oriented objective with lower and upper bound.
E a r l y V i e w Abstract-The purpose of this paper is to identify various fluctuations of temperature and humidity effecting synthetic staple fibers quality such as strength and tenacity as a final finished product and address these fluctuations effect through implementation of control chart for establishing statistical process control over synthetic fiber production process.
Critical observations and test results are analyzed to show that temperature and humidity effect over synthetic staple fiber quality such as strength and tenacity. Establishing statistical process control in the synthetic staple fiber-processing sector is one key to improving the quality of synthetic staple fiber sector considering temperature and humidity effect. The resultant variations and fluctuations are addressed through categorizing various kinds of fiber by implementing control chart. The paper addresses the fluctuations and variations of synthetic fiber quality such as strength and tenacity due to temperature and humidity effect in the production processing of synthetic fiber industry, using control chart as an approach to solve these variations which was hardly attempted before. Strength and tenacity individually prioritized to reduce fluctuations into the entire production process system.
I.
Introduction he manufacture of synthetic fibers represents a huge industry, both in the Bangladesh and worldwide. In the twenty first century, the dollar value of synthetic fibers was roughly $100 billion in the worldwide. We sometimes forget how much of these fibers we consume, especially since the appeal of "natural" fibers of cotton and wool has grown in recent years. Despite questions of aesthetics and taste, there should continue to be a significant demand for synthetic fibers, in large part because these fibers can be tailormade to provide specific properties that natural fibers cannot provide.
Statistical methods play a vital role in the quality improvement process in manufacturing and service industries. Control charts are used to check for process stability. In this context, a process is said to be "in statistical control" if the probability distribution representing the quality characteristic is constant over time. If there is some change over time in this distribution, the process is said to be "out of control." As students of production engineering, we are interested in implementing control chart to improve synthetic fibers quality because the process involves several fundamental aspects of production and quality control engineering. The goal here to address the fluctuations and variations of synthetic fiber quality such as strength and tenacity due to temperature and humidity effect in the production processing of synthetic fiber industry, using control chart as an approach to solve these variations which was hardly attempted before.
II.
Synthetic Fiber Manufacturing
True synthetics are products of the polymerization of smaller chemical units into long-chain molecular polymers. Fibers are formed by forcing a viscous fluid or solution of the polymer through the small orifices of a spinneret and immediately solidifying or precipitating the resulting filaments. Synthetic fibers are produced typically by two easily distinguishable methods, melt spinning and solvent spinning. [1] For the common spinning of filaments in the finished range of about 0.1 -2 tex spinnerets of a diameter 0.1-0.7 mm for melt spinning. Melt spinning is done for most polymers (PET, PP) between 240°C and 320°C. [2] Polyester fiber spinning is done almost exclusively with extruders, which feed the molten polymer under pressure through the spinnerets. Filament solidification is induced by blowing the filaments with cold air at the top of the spin cell. The filaments are then led down the spin cell through a fiber finishing application, from which they are gathered into tow, hauled off, and coiled into spinning cans. Depending on the desired product, post-spinning operations vary but may include lubrication, drawing, crimping, heat setting, and stapling. 
Tex is a unit of measure for the linear mass density of fibers, yarns and thread and is defined as the mass in grams per 1000 meters. The unit code is "tex". When measuring objects that consist of multiple fibers, the term "filament tex" is sometimes used, referring to the mass in grams per 1000 meters of a single filament. Tex is used for measuring fiber size in many products, including cigarette filters, optical cable, yarn and fabric. [5] Tex = Denier ÷ 9
The rate of crystallization depends on the molecular weight, the history of the PP melt, and the temperature and humidity. In the Spinneret capillary there is a minor pre orientation. The major portion of the orientation is created from the outside filament portion that solidifies first in the border phase between the liquid inside portion and the solidified filament portion. [2] The temperature effect can described below:
• A hot shroud below the spinneret lengthens the freezing zone, delays the filament thinning and cooling, and increases the yarn tension.
• Cooler quench air and/or higher quench air velocity result in faster filament thinning and higher yarn tension.
• Higher spinneret temperatures result in higher yarn temperatures along the first part of the filament axis, reduce the yarn tension.
• Higher throughputs per spinneret with constant take-up speed increase the cooling time and cooling zone with little influence on the yarn tension.
The temperature and humidity effect during polypropylene (pp) spinning is studied at a synthetic fiber manufacturing company named Dird Polytex Limited. Here, the tenacity of the PP fiber increases due to lower temperature and humidity during winter from October to March and the tenacity of the PP fiber decreases due to higher temperature and humidity during summer from April to September. The data was taken from July, 2014 to May, 2015 of average monthly temperature, humidity and tenacity. 
Control Chart
Control chart is graphical representation of the collected information. A control chart indicates whether a process is in control or out of control. It determines processes variability and detects unusual variations taking place in a process. It provides information about the selection of process and setting of tolerance limits. There are two types of control charts. They are variable and attribute chart. Variable charts involve the measurement of the job dimensions whereas an attribute chart only differentiates between a defective item and a non-defective item. [6] a) X-bar and R chart X-bar and R chart is one kind of variable chart. X-bar chart shows changes in process and is affected by changes in process variability. R chart secures information in establishing or modifying processes, inspection procedures. X-bar and R-bar chart when 
Range= X max -X min (7) R= (∑( 1, 2 … . ) )/ , is the number of subgroups Table 1 shows monthly tenacity value of PP white fiber which has been recorded and among them randomly eight days value have been taken for implementation of x-bar and r chart. Warning limit is the two third portion of the corresponding control limit. IV.
Implementation of Control
Chart for Statistical Process Control Considering Temperature and Humidity Effect in Synthetic Staple Fiber Industry ©
Result Analysis
Here fig. 2 and 3 depict x bar and r chart in which fig. 2 shows 4 points below lower limit and 1 point above upper limit and fig. 3 shows 4 points below lower limit and 2 points above upper limit. That means both x bar and r chart shows the process is out of control.
As the corresponding figure shows the process is out of control, this happens due to variation of temperature and humidity across the year 2014-15. The weather phenomena cannot be controlled so to solve this problem. A proper grading system is developed for different quality fibers in table 3 according to the x bar chart. 
Conclusion
There is significant effect of temperature and humidity over synthetic staple fiber production process. Control chart is applied to categorize various kinds of synthetic staple fiber considering temperature and humidity effect for establishing statistical quality control over synthetic fiber production process. The paper addresses the fluctuations and variations of synthetic fiber quality such as strength and tenacity due to temperature and humidity effect in the production processing of synthetic fiber industry.
APPENDIX.A
Introduction t present, the total consumption of commercial concrete in our country has reached 2.5 billion m 3 per year, and the output of cement has reached 2.6 billion tons, ranking first in the world for 20 consecutive years. So, china is a country with great cement production and concrete consumption. A large amount of CO 2 greenhouse gases (about 1.8 billion tons) are emitted in the cement production process, and industrial residues and wastes from iron and steel, electric power and geological and mineral industries in China amount to 1.05 billion tons annually, while the average utilization rate in concrete is less than 10%. Concrete industry has entered a new stage to reduce the consumption of energy and natural resources, improve the service life of concrete structures and reduce maintenance and repair costs. The energy conservation and emission reduction of concrete should first be reflected in the reduction of cement consumption, which needs to use all kinds of waste residue discharged every year to replace the cement with high energy consumption and high discharge in the production process. Rational application of mineral admixtures not only has achieved direct results in energy conservation and emission reduction, but has played an important role in promoting the development of high strength and performance concrete. Mineral admixtures can improve Author: Southeast University, Nanjing 211189. e-mail: huxian1206@126.com the micro-porous structure of concrete and the interface conditions between binder conditions between binder and aggregate. Thus, under the same water-binder ratio, the fluidity and late strength of concrete can be improved, the hydration temperature can be reduced, the shrinkage can be increased, and the volume stability of concrete can be enhanced. The concrete strength, impermeability, corrosion resistance and other durability indicators have been significantly improved, which plays a fundamental role in changing the conventional concrete performance. [1] a) High performance concrete and high strength and performance concrete High performance is a new requirement for concrete at an international conference in 1990. High performance concrete is also a basic direction of concrete technology development in the future. There are different definitions of high performance concrete at home and abroad, but they can be summarized as the following five aspects: (1) High durability. It is of long service life and small maintenance cost under normal service condition. Under special service conditions, it can meet the special requirements of anti-erosion, anti-freeze and thaw resistance in harsh environment. (2) High construction performance. It can smoothly complete the transportation and pouring of concrete under specific construction conditions, so that the concrete structure with superior compactness and uniformity can be obtained; (3) Higher strength. It is able to satisfy the strength requirement of design bearing capacity, and has enough capacity to increase strength in the later period to ensure that the strength of structural concrete does not shrink under normal conditions; (4) High volume stability. Concrete is not stratified and segregated before condensation, and its volume changes little after hardening, with good crack resistance; [2] (5) It can meet the requirements of environmental protection and sustainable development.
Of the above requirements, many are related to the compactness of concrete. Therefore, many materials take the relative index of measuring concrete compactness -chloride ion penetration resistance as an index to classify and test high performance concrete. High strength and performance concrete refers to high performance concrete whose strength grade is greater than or equal to C60. Using high-quality mineral admixtures with large amount is the technical core of preparing high performance concrete. Because high performance concrete requires high compactness, and it is difficult to meet such requirements with a single cement as binding material. High-quality mineral admixtures must be used to repair and fill various micro-cracks in concrete by secondary hydration in the later stage. Practice in many units in our country shows that to prepare qualified high performance concrete, the mineral admixture content should reach at least 30%, and it is better to use it in combination. A large amount of concrete mixed with mineral admixtures also meets the requirements of environmental protection and sustainable development, as well as the basic condition for the preparation of green concrete. If the durability requirement of concrete is very high, a small amount of silica fume (3-5%) can also be added into concrete. For the silica fume's particles are very fine, it can infiltrate into the capillary pore of cement paste, and then carry out secondary hydration. In addition, its densification effect is very significant. 2) Low water-binder ratio is adopted. The high durability formed by high content of mineral admixtures can only be shown when concrete adopts low water-binder ratio, otherwise it may be counterproductive. For the limitation of low waterbinder ratio, the current standards are different and generally less than or equal to 0.35-0.45, which may be related to the different scope of application for the standards. High content of mineral admixtures and low water-binder ratio should be two matching technical approaches. 3) To achieve high content of mineral admixtures and low water-binder ratio, water reducing agent with high quality and high efficiency is certainly required. Polycarboxylic water reducing agent developed and popularized in recent years is an ideal material, which not only has high water reducing rate and good plasticity retention, but the shrinkage of the concrete made by it is significantly lower than that of the concrete prepared with other types of water reducing agents, which can significantly improve the crack resistance of concrete. 4) In addition to the above special requirements, the selection of raw materials, mix design and production control of concrete should be strictly carried out in accordance with the requirements of the standards. 2 and tobermorite with high alkaline can react pozzolanic reaction, which can produce tobermorite with low alkaline, higher strength and better stability.
ii. Filling effect
The average particle size of cement is 20-30 microns, while the average particle size of fly ash is 3-6 microns, and the silica fume is smaller than both of them, which is between 0.1-0.26 microns. It can fully fill the gap between the cement particles, so that the compressive strength and permeability performance are significantly improved. Close concrete prevents moisture from entering the interior of concrete. Freezing water in concrete is very scarce. Therefore, under the condition of freeze-thaw alternation, the frost resistance of concrete is greatly improved.
iii. Reduction of hydration temperature peak effect
After adding mineral admixtures, the amount of cement in concrete is reduced, so the calorific value of cement hydration in concrete is reduced. Although these active mineral admixtures will produce pozzolanic reaction and release hydration heat in concrete, this reaction lags behind the hydration reaction of the main body of cement and lasts a long time. This can restrain the early strength of concrete, but the later strength will not decrease.
iv. Improvement effect of concrete durability 1. Improve impermeability: The structure of cement paste and the interface between cement paste and aggregate are more compact, blocking the possible permeability pathway. 2. Reduce the harmfulness of alkali aggregate reaction: Due to the incorporation of mineral admixture, a large amount of calcium silicate gel with low alkalinity is formed in concrete hydrates. They can absorb and maintain large amounts of Na+ and K+ ions, thus greatly reducing the effective alkali content in solution of concrete pore. Therefore, the harmfulness of alkali aggregate reaction is greatly reduced. 3. Improve frost resistance: When water can't enter the concrete, the frozen water in concrete is very scarce. Therefore, under the condition of freeze-thaw alternation, the frost resistance of concrete is greatly improved. respectively when the content of fly ash is 0%, 30%, 40%, 50%, 60% and 70%, which indicates that even if the content of fly ash reaches 70%, the PH value of cement mortar is still above 12, which is still higher than the lowest alkalinity value for reinforcement structure: 11.50. [3] When slag and other admixtures with high CaO content are added, their alkalinity is more guaranteed. The addition of active mineral admixtures improves the compactness of high performance concrete. Moisture, even O 2 and CO 2 , are difficult to enter concrete, which also increases the ability of concrete to protect steel bar from erosion.
d) Green high performance concrete
1. More clinker cement is saved and environmental pollution is reduced. Because a large number of industrial residues are used for high performance concrete as active mineral admixture to replace a large number of cement, and these fine waterquenched slag and high-quality fly ash, silica fume or their composite materials become the main components of binding materials. Compared with the production of clinker cement, the emission of CO 2 is greatly reduced, and resources and energy are also saved. 2. Adding more active mineral admixtures (mainly industrial waste) is of advantages of improving the environment, saving land and limestone resources and energy, reducing the hydration temperature rise of concrete, and enhancing the volume stability and wear resistance. 3. Give full play to the advantages of high performance and reduce the amount of cement and concrete. By reducing the environmental burden fundamentally, concrete can become a sustainable building material as the largest artificial material in the contemporary era. It is the direction of concrete development and the future perspective of concrete. E a r l y V i e w 
Conclusion
At present, our scientific work should be transformed from maximizing wealth from nature to properly using resources, protecting environment and maintaining ecological balance. The development and application of high performance concrete will be the goal of several generations of workers for concrete. Now, the situation is very favorable, that is, it draws great attention from Standard Quota Department of the has been "applied for approval for nearly eight years". Although the condition mentioned above is very good for popularization and application of high performance concrete, the measurers can't be taken hastily. At present, the quality of raw materials in various places is very poor, and it is difficult to reduce the water consumption of certain type of concrete. So, it is necessary to carry out popularization and application of high performance concrete steadfastly.
Introduction pproximately 30 million workers are exposed daily to high levels of sound pressure in the United States only, with the potential for real damage to health. 1 Loss hearing induced by high levels of sound pressure is the second cause of occupational disease. 2 In 2006, only in Norway, of 3392 cases of occupational diseases reported to the government, about 59% were related to noise-induced hearing loss. 3 Checking occupational diseases most incident in Mongolia was observed the predominance of noiseinduced hearing loss, a phenomenon associated with the rapid industrialization that occurred in that country. 4 The magnitude of hearing loss would be a direct result of excessive exposure to noise, thus being dependent on several factors, among them those associated with exposure and related to the characteristics of the individual: sound pressure level (SPL), duration of exposure, type and frequency of the noise, susceptibility to damage by noise, age, history of hearing loss. 5 Models relating labor hearing loss to the behavioral of workers, named Health Promotion Model, analyze modifying factors (behavioral characteristics) and cognitive-perceptual factors (such as perceived benefits and self-efficacy). 6 The authors indicate that this and other developed models, allow them to infer that workers must be aware of the risk of noise-induced hearing loss (NIHL), and that they can do something to prevent of this disease.
In a survey that took as sample a group of researchers in this area of occupational health and safety, noted that the notion of risk perception is socially constructed variable, being influenced by the nature of labor relations; valuesin society and individual events. 7 Although there are some publications on occupational noise exposure, the analysis of the individual perception of the worker and its implications on his behavior remains a poorly discussed subject. Moreover, the approaches verified relating the understanding of the behavioral phenomenon to the exposure to occupational noise, need more analysis and the support of quantitative approaches of main humans factors relacteds to NIHL. This paper aims to use the technique of factor analysis as a tool for examining the variable noise-induced hearing loss, to propose actions that may contribute to the prevention and anticipation of mitigating the risk of the exposed worker.
This research started the discussion of two specific contextual proposals: (1) identification of approaches to understanding the exposure to occupational noise; (2) application of statistical to analysis of risk factors such as: perception of effects, age, safety culture, risk index and sex. 
a) Theoretical Research
For development of the theoretical research, there was conducted a literature search of indexed journals, seeking to identify main studies conducted in the identification of variables related to the development of noise-induced hearing loss.
The research showed that the variables related to the development of NIHL would be influenced by a lot of factors related to the individual, as well as by the social and cultural organizational system, as shown in Table 1 .
Source: The author. In a second stage, for the research development, data collection was performed using questionnaires, in a sample of 278 workers exposed to noise beyond the action level -defined in Brazilian law as 80 dB (A).
The self-administered questionnaires comprise the most frequently indicated version. 41 During filling, someone was available to assist in understanding the instrument, ensuring that no questions were left blank.
In research on the influence of the perception of employees on the effects of occupational health hazards was also used as an instrument of data collection a questionnaire then generating similar analysis, with the objective of further reducing the dimensionality of the data. The analysis was useful for the planning of health promotion campaigns and prioritization of other interventions. 42 The initial questionnaire aimed to characterize the individual risk perception, consisting of questions divided into the following sections: worker´s identification (name, workplace, age, sex, marital status and education), individual risk perception and perception of noise effects, expectation and appreciation of the results of use of PPE, barriers, safety culture and risk behavior.
The second questionnaire intended to characterize the noise exposure and the use of PPE, having questions grouped into the following sections: risk exposure, exposure to ototoxic chemicals, family history of hearing loss, training in occupational health and safety/hearing loss/use of PPE, comfort, and use of PPE and audiometry.
The evaluation instrument used the Likert fivelevel scale, from "strongly agree" to "strongly disagree." After filling in all the 278 questionnaires, responses were converted into numbers, according to the scale, and tabulated in a spreadsheet. The answers were coded on scales from 1 (strongly disagree) to 5 (strongly agree). In some cases, the use of inverted scale was necessary, for example, for questions about barriers, physical load, and risk behavior.
In a second stage, through the environmental noise assessment of each work micro-area of all evaluated employees, was possible the characterization of daily personal exposure level. The evaluated employees were still undergoing tonal audiometric examination by ISO 8253.1 standard.
In a third stage, the model was tested and validated through multivariate statistical analysis which took into account, in addition to the construct (the development of NIHL), dependent subconstructs: risk perception; perception of effects; risk behavior and use of PPE.
Because of this study include more than two dependents subconstructs, will be used the technique of multiple regression analysis (MRA), which, using dependent subconstructs whose values are known, allows predicting a single subconstruct independently The path analysis is an essential resource of multivariate statistics, allowing correlations between characters are split into direct and indirect effects, measuring the influence of a variable, independent of the other, on the other.
Path analysis was used to proof the conceptual model. Following the results of this analysis, the corresponding path diagram was established, as the summary presented in Figure 3 . Statistical analysis was performed using IBM SPSS.
III.
Results
Using the alpha (α) of Cronbach, it was possible to test the internal reliability, allowing a decrease up to 37,5% of the items. Thus, from the starting 74 questions, the technique applied in this questionnaire allowed to shorten it down to only 61 questions.
223 of the 278 employees evaluated in the sample were male and 55 were female, 147 had completed high school, 73 had incomplete graduation, and 44 had completed graduation. The estimated average hearing losses versus age, in the sample, may be observed in Figure 2 , where the increase of hearing loss due to the aging of the population, by presbycusis, can be evidenced. The questionnaire also asked about the period of use and comfort of hearing protection equipment, aiming to quantify the subconstruct Use of PPE, in this case particularly the hearing protector was considereddue to the focus of the study on NIHL. As provided in table 5, of 278 evaluated employees, the vast majority -261 -reported using such equipment, and on average used their hearing protectors around 90% of the journey. The standard deviation was close to 18 points, featuring a small oscillation of the answers.
From 261 people who reported using hearing protection, there was a divergence of habits between the sexes of 4% of usage time and 6% in the proportion. Chi-square test for equality has the value of 0,0976. Threshold for rejecting the hypothesis of equality at the 5% value is 3,84, one cannot drop the hypothesis of no difference between men and women in the PPE use. Table 3 , it was possible to analyze the correlation between the subconstructs inspect.
a) Statistical Analysis
The correlation shows the linear relationship between two variables, where values will always be between -1 and +1. The sign indicates the direction and the size of the variable specify the strength of the correlation. An amount above 0,7 module is a strong correlation. Thus, variables with a rejected hypothesis of null relation at 5% level were considered significantly correlated.
Source: The author. After, the technique of path analysis was used, as the summary presented in Figure 3 . This diagram symbolizes paths for subconstructs evaluated. Table 4 presents the results of all the calculated effects values (direct, indirect, and total) of the subconstructs studied in the proposed model. The study of the factor related to Risk Behavior of the sample has small effect on the development of hearing loss (0,013), where this parameter totally contemplates the indirect consequence arising from the interaction with the subconstruct Perception of Effects. This parameter may be positive, i.e., the higher the irresponsible behavior that puts the employee at risk of acquiring irreversible lesion in his auditory system, more significant these attenuations are.
Multivariate Analysis of risk Factors Applied to the study of Induced Hearing loss due to Occupational noise in the Industry The Safety Culture, which contains only the direct component (0,099), presents a significant contribution to the construct parameter. As a positive value, it oddly reflects that the higher the presence of safe work procedures, the higher the level of hearing loss encountered. Perhaps this positive effect is justified by the conjuncture of the companies evaluated, which hada history of compromising workers' hearing and therefore implemented hearing conservation policies, such as HCP (Hearing Conservation Program).
c) Formation
The study of formation did not contribute to the model since it presented no direct or indirect components in this evaluation.
As for the characterization of this factor, we used questions to prior knowledge of the interviewee in areas such as safety and hygiene, as well as any previous training in the prevention of noise-induced hearing loss and about the correct use of earplugs and muffs.
d) Sex
The factor that symbolizes the worker´s Sex has presented a significant value (-0,102), with a negative sign and contributed predominantly by the direct effect (-0,094) and the remainder coming from the indirect reaction through subconstruct Risk Index (-0,008). Its negative sign indicates that hearing loss tends to be lower in females and higher in the male sex, a fact which goes against table 7 (PPE use by sex).
Regarding the sex distribution in the study sample, the vast majority of workers were male, a common factor in the industrial sector, and that may contribute to explain the results. I am giving a strong tendency for a higher incidence of hearing loss among females, when compared to the same sample of males.
e) Age
The Age factor presents the highest of values (0,321), originated mostly by the direct effect (0,258) by the reaction of subconstructs Safety Culture, Risk Index, and Perception of Effects. It is of positive module, means that the higher the age of the employee, the greater is his degree of hearing loss. In this subconstruct study, the SPSS software used for the multiple linear regression automatically excluded the subconstruct Safety Culture, which seemed initially to collaborate indirectly to the composition of the factor.
f) Risk Index
The Risk Index also contributes to the study of the components associated with occupational hearing loss, presenting a significant factor (0,136), with the direct and indirect effects (influenced by factors Age and Sex) having same values: 0,063. This parameter is related to the sound pressure level at work (dB), with the noise exposure time (years). The higher this indicator, the greater the average hearing loss of the worker.
g) Risk Perception h) Perception of Effects
Regarding the Perception of Effects factor, there is a significant level (0,128) of participation, with a serious part being of direct effect (0,092) and the remainder (0,036) coming from the indirect interaction with the Age factor. As a positive number, it indicates that the higher the degree of perception of negative health effects for occupational noise, the higher is the degree of hearing attenuation.
i) Chemicals Ototoxic Drugs
The impact study of Chemicals Ototoxic Drugs factor provides one of the lowest factors (0,014) of this model. Derived exclusively from indirect effects, it operates through the variables Age and Risk Index. As a positive value, it symbolizes the larger presence of these agents that are proven harmful to human hearing, the higher the occurrence of hearing loss of employees.
j) Use of PPE
Finally, the impact study of the Use of PPE provides a discrete factor (-0,018) in this model. Coming exclusively from indirect effects, it operates through the variables Perception of Effects and Safety Culture. Negative value symbolizes the higher use of hearing protection devices -provided by the company to workers, the lower will be the occurrence of hearing loss in employees.
V.
Conclusions
Multivariate analysis was adequate and essential in the study of risk factors associated with occupational noise-induced hearing loss in the industry. There is a need for research on risk perception and mitigation strategies in the context of noise-induced hearing loss. Such is found tied to the increased probability of occurrence associated with the risk factors identified in the study. The development of risk management strategies to reduce NIHL requires both knowledge of the physical environment, and the social, psychological and economic processes that can affect The Risk Perception presents only one discrete factor (-0,030) of indirect effect arising from variables Age and Gender. As a negative number, it indicates the serious sensitivity of the employee against the risk of hearing loss, the lower will be the harm to the employee´s auditory system. The results collaborate to the trend that, the higher the perceived risk is (specifically through dimensions: Identification of risk sources, Knowledge about the noise, Perception of the efficiency of PPE and Means of protection), the smaller will be the chances of damaging the employee´s hearing.
E a r l y V i e w people's responses to environmental conditions of danger.
Noise-induced hearing loss (NIHL) is a cumulative, insidious disease that grows over the years of exposure to noise associated with the workplacecausing damage to organ of Corti, usually bilateral, with progressive and irreversible loss and symptoms such as hearing loss, tinnitus, ear fullness, ear pain, dizziness, transient changes in blood pressure, stress, vision and mood disturbances, directly related to the exposure time, with sound pressure levels (SPL) and individual susceptibility.
NIHL is caused by any exposure to a daily average of 85dB, for several years. Noise is responsible for about 20% of global hearing loss, including being the second leading cause of the occupational disease that affects more American workers.
In an attempt to investigate the variables that impact on noise induced hearing loss, an analysis was developed taking into account the independent variable hearing loss, related to the variables dependent on metrics: Perceived Effects, Age, Risk Index, Culture of Safety and Sex.
In order to predict any changes in the dependent variables -due to changes in the independent variable. The statistical analysis was applied to identify the latent dimensions of significant effect on the variable in the analysis of known risk factors To test these associations were used Pearson correlation coefficient and multiple linear regression on the subconstructs identified. Through path analysis, was performed a factor analysis of direct and indirect factors related to NIHL effects.
In this context, the present study examined the possible approaches that relate to understanding the exposure to noise risk in the workplace.
The study enabled us to verify that Hearing Conservation Programs (PCA), and other campaigns, to be developed by companies, particularly in the industrial field, are based on modifiable factors identified. Thus, promoting actions that encourage the expansion of perception of the effects of hearing loss induced by occupational noise, will contribute to the prevention of the risk to workers' health.
The path analysis showed how the exceptional impact variable on hearing loss, both direct and indirect effects aspect, the Age variable -demonstrating the effect of natural hearing loss related to agingpresbycusis. At the other extreme, the dependent minor indirect effect were variable Chemicals Ototoxic drugs.
According to the results obtained in the present study, the individual perception of the risk of job exposure to noise is an important issue with regard to safe behavior, in particular, to avoid the involvement of occupational hearing loss by noise in the industry. Workers seem to avoid exposure to noise based on their perceptions of the risk. Unfortunately, it appears that they are bad appraisers this risk.
Finally, other investigations may complement the study performed here. As this research was limited to the study of continuous or intermittent noise found in industrial environments surveyed, further research can evaluate the work environment whose employees are subject to impact noise.
